The retrosplenial cortex (RSC) is known to play a role in the retrieval of context memory, but its involvement in memory formation and consolidation is unclear. To better characterize the role of the RSC, we tested its involvement in the formation and retrieval of memory for trace fear conditioning, a task that requires the association of two cues separated by an empty period of time. We have previously shown that trace fear extinction requires the RSC (Kwapis, Jarome, Lee, Gilmartin, & Helmstetter, 2014) and have hypothesized that trace memory may be stored in a distributed cortical network that includes prelimbic and retrosplenial cortices (Kwapis, Jarome, & Helmstetter, 2015). Whether the RSC participates in acquiring and storing cued trace fear, however, is currently unknown. Here, we demonstrate that blocking protein synthesis in the RSC before, but not after acquisition impairs rats' memory for trace CS and context fear without affecting memory for the CS in standard delay fear conditioning. We also show that NMDA receptor blockade in the RSC transiently impairs memory retrieval for trace, but not delay memory. The RSC therefore appears to critically contribute to formation of trace and context fear memory in addition to its previously recognized role in context memory retrieval.
Introduction
The retrosplenial cortex (RSC) is one of the largest cortical regions in the rat brain (Vogt & Peters, 1981 ), yet very little is known about its potentially important role in memory formation and storage (Todd & Bucci, in press ). The RSC is well-positioned to coordinate information between higher-order brain regions, as it has direct reciprocal connections to the prefrontal cortex and hippocampus (Vann, Aggleton, & Maguire, 2009) . Indeed, RSC functional activity usually correlates with autobiographical memory recall in humans (Svoboda, McKinnon, & Levine, 2006) , suggesting involvement in explicit memory retrieval. The RSC is therefore particularly well-situated to support retrieval and storage of complex memory.
In rodents, the RSC participates in recent and remote context memory retrieval (Corcoran et al., 2011; Cowansage et al., 2014) . Blocking NMDA receptors or damaging the RSC selectively impairs context-shock associations acquired during standard delay fear conditioning, in which an auditory conditional stimulus (CS) is paired with an aversive shock unconditional stimulus (UCS). Neither RSC manipulation prevents the successful acquisition of fear to the auditory CS, however (Corcoran et al., 2011; Keene & Bucci, 2008) , suggesting that the RSC is selectively involved in retrieving more complex contextual memory.
The RSC has also been implicated in consolidation of context fear memory. Pre-training protein or mRNA synthesis inhibition in the RSC disrupts long-term memory formation for context-based inhibitory avoidance (Katche, Dorman, Slipczuk, Cammarota, & Medina, 2013) . Further, immediate early genes such as Arc and c-Fos are increased in the RSC shortly after context fear conditioning (Robinson, Poorman, Marder, & Bucci, 2012) , suggesting that RSC neurons are active during the consolidation of context fear memory. In contrast to these results, blocking NMDA receptors reportedly has no effect on the acquisition of context fear (Corcoran et al., 2011) . As NMDA receptors are critically important for memory consolidation (Abel & Lattal, 2001) , this suggests the RSC is either only involved in certain forms of context memory consolidation or requires NMDAR-independent molecular processes.
The RSC therefore appears to be important for context memory retrieval and possibly memory formation, but its precise role is unknown. The RSC may be selectively involved in context memory or, instead, may play a more general role in relational and composite memories that extends beyond contextual information per se. To http://dx.doi.org/10.1016/j.nlm.2015.06.007 1074-7427/Ó 2015 Elsevier Inc. All rights reserved.
